n 1999, the Accreditation Council for Graduate Medical Education (ACGME) endorsed a set of six general competencies for resident education as a first step in the long-term effort designed to emphasize educational outcome assessment in residency programs [1] . These competencies include patient care, medical knowledge, interpersonal and communication skills, professionalism, practice-based learning and improvement, and systems-based practice. The ACGME required programs to create an educational experience that includes the knowledge, skills, and attitudes required to show the competencies. This requirement promoted the development of a focused and comprehensive resident curriculum, complete with tools for resident assessment [1] . A curriculum is defined as "a fixed series of studies required, as in a college, for graduation, qualification in a major field of study" [2] . Specifically, it should be a focused educational program with a clear set of goals and objectives, effective educational strategies, peer-reviewed content, self-assessment, and evaluation and feedback for both the user and the program [3] . A curriculum should distill the large list of diseases into content focused for the physician trainee. These characteristics were used as the basis for the design of this project.
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We describe the process of developing and designing a complete interactive Web-based curriculum in pediatric radiology that includes self-assessment and that addresses all six competencies. The inclusion of pre-and posttesting provides a simple means for program directors to document that learning has occurred. The program is peer-edited and is authored by international experts in the field rather than medical students or trainees. With the placement of the curriculum on the Internet, radiology trainees worldwide have access to authorities in the field regardless of location. This standardized curriculum eliminates the need to "reinvent the wheel" as individual programs begin to implement the ACGME standards.
Materials and Methods

The Approach: A Needs Assessment Survey
A curriculum in pediatric radiology was written by members of the education committee of the Society
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for Pediatric Radiology and published in 1995 [4] . This list of approximately 320 pediatric diseases and teaching topics was used as a starting point for the medical knowledge component of the curriculum. Through a two-part needs assessment designed by a medical educator and biostatistician, 20 radiology resident volunteers and five faculty radiologists with 5-25 years' teaching experience from a large academic medical center refined the topics for medical content and method of delivery of the program (Table 1) .
In Part 1 of the needs assessment, the residents and staff scored each of the topics from the Society for Pediatric Radiology curriculum to determine which items to include from the list (3, essential and must learn; 1, useful but not essential; 0, not appropriate at an introductory level). Average scores for each group were calculated, and topics that received an average score of 2.9 or greater by either group were included. The other five ACGME competencies were added independently of this survey and totaled 80 entities that formed the building blocks for the pediatric radiology curriculum ( Table 2 ). The list can be found on the module page of the program. This needs assessment fills a basic tenet of adult education to ask both the student and the teacher to identify content and preferred methodology for learning [5] .
In Part 2, residents were asked to rate the value of each of 12 learning methods on a scale of 1 to 3 (3, really useful; 2, often useful; 1, never useful). The purpose of the second part of the needs assessment was to determine the method by which residents prefer to learn. The curriculum could then be designed around this method. Several learning options included standard lecture series, books, CD-ROMs, traditional teaching files, and Web-based learning. Results from Part 2 showed that 91% of residents found Web-based learning often or very useful and that 100% found textbooks, lectures, and one-on-one teaching very important ( Table 3 ).
The Approach: The Development Team
A team of pediatric radiologists was assembled to create content based on the "Top 80" pediatric topics. Radiologists from our center authored the first 15 modules. Two radiologists then internally reviewed the program using a checklist that evaluated content and ease of use according to the instructions in an authoring manual. The program was further evaluated by 19 radiology resident volunteers, who prompted several modifications (Reid JR et al., presented at the 2002 Society for Pediatric Radiology meeting). After the design was well established, letters were sent to 80 experts in the field of pediatric radiology inviting them to author the remaining modules. Each author was sent a manual that had been carefully constructed to include directions for design of the article (subtopics, formatting, length, file type), and directions for creating objectives, test questions, captions, and references. Authors were strongly encouraged to write the modules at a resident level and to include suggested imaging algorithms. They were told that wherever possible, the review article should include a definition of the disease, demographics, clinical presentation, imaging features (outlining anatomy and pathology), disease staging, and imaging manifestations of treatment effects or complications. Experts were contacted from the Society for Pediatric Radiology, the European Society of Paediatric Radiology, and the Asian and Oceanic Society for Paediatric Radiology. The Society for Pediatric Radiology has supported this curriculum with two grants.
A Web designer was hired to design a computerbased template; to enter new content into the template; and to manage ongoing modifications, as needed. A team of medical illustrators was invited to design a unique logo and to create medical illustrations for each module. A photographer was hired to digitize and edit images and to oversee image quality. A librarian was chosen to handle literature searches and retrieve relevant materials for each module. An internist with experience in creating and maintaining an online continuing medical education program acted as a technical consultant. A biostatistician was involved in study design and analyzing data. Finally, a medical educator provided expertise in curriculum design and adult learning methods.
Design
The computer was selected as the delivery system for the curriculum because it offered at least two advantages over other methods: flexibility and interactivity. The computer allowed the creation of an electronic database that would accept feedback from the user on design (ease of use) and content (quality and usefulness). Computer-based learning includes Web-based as well as transportable programs on CD-ROM. Web-based delivery was chosen so that the program could be modified rapidly according to the feedback from the trainee, and so that as new information became available, the content could be updated easily and cost-effectively. The digital format allowed the editor to create animated annotation that would add an interactive dimension, greatly enhancing the learning experience. Furthermore, the Web allows universal access, worldwide, both at work and at home.
A home page and unique logo were created for the Web site. The home page includes an introduction, instructions, and credits (Fig. 1) . To meet the needs of the student and to better understand the user demographics, we created a registration form. Each module includes pretest, list of learning objectives, review article, posttest, feedback, evaluation form, and certificate of completion (Figs. 2 and 3 ). This template was also used to create learning modules focused on the other five ACGME general competencies [1] , including a module addressing professionalism and patient care issues titled "How to Talk to the Pediatric Patient."
Tools: Building the Modules
The decision to use a personal computer platform running the Windows 2000 and NT operating systems (Microsoft, Redmond, WA) was based on the ubiquity and ease of use of this system at our workplace. The modules were created in Dreamweaver (Macromedia, San Francisco, CA) a standard program for Web site design. Articles covering each topic were written by the pediatric radiologists and saved as Microsoft Word documents and converted to HTML (Hypertext Markup Language) in Dreamweaver. Radiographic images were edited in Photoshop 6 (Adobe Systems, Seattle, WA) and converted to 30-to 80-KB JPEG files (500-pixel width, 72 dots per inch) and added to modules by creating tables on each Web page. Analog images were digitally scanned and saved as medium-resolution JPEG files.
Animation was added to images to best illustrate the anatomy and pathology using techniques offered by Macromedia Flash and Macromedia Fireworks. These included shading, etching, and fixed and roving arrows designed to pop up by "mousing over" the image. Image annotation was designed to be operator-driven to allow the resident to first make an impression before applying the arrows or shading. Through "double-clicking" on each image, one enlarged copy of the image could be viewed beside the annotated image for comparison. Captions were added as color-coded text files to match the shading. Movies were created by a medical illustrator using multiple JPEG frames, compressed and saved as QuickTime files (Apple, Cupertino, CA) and added as hyperlinks. Original medical illustrations were created in an array of programs, including Illustrator (Adobe Systems), and saved as JPEG files (350 pixel width). Mini slide shows (using Macromedia Flash) were helpful in depicting multiple grades or subtypes of a disease or in stepping through anatomy on cross-sectional imaging. The tests, registration form, and evaluation pages were written in Active Server Pages code (Microsoft) and linked to a database created in Access (Microsoft). Note.-Dash (-) indicates that residents were not asked these questions. TORCH = toxoplasmosis, other agents, rubella, cytomegalovirus, herpes simplex. 
TABLE 2 Part I of Needs Assessment: Topics Scoring 2.9 or Higher-Comparison of Rankings of Topics by Staff and Residents for Relative Importance in Radiology Training
Reid et al.
Once the first modules were created, the template and guidelines were modified, and the team arrived at an acceptable design. The modules were built and transferred to a test site on the institutional intranet until the introductory curriculum was finished. Files from the author, photographer, and medical illustrators were transferred through a secure internal networking system to folders on an internal server that could be easily accessed by the Web designer. The finished module was transferred to the test site for editing before being released to the institutional public.
The program requires the following system specifications: a PC running the Microsoft Windows 97 operating system or higher, 10-gigabyte hard drive, 128 megabytes of random access memory, a standard video card, and a browser such as Internet Explorer (Microsoft) or Netscape (Netscape, Mountain View, CA). At first use, the user sees a prompt to download Microsoft Media Player, Apple QuickTime player, and Macromedia Flash "plug-ins."
Results and Discussion
To date, 25 modules have been completed and published [6] . The program was designed to cover (within pediatric radiology) the six general competencies endorsed by the ACGME as described in detail on their Web site [7] . Creation of content has replaced designing the template as the ratelimiting step. To improve the quality of the content and complete the goal of 80 modules in a timely fashion, the editor has sought the support of outside experts in pediatric radiology. This outside authorship will broaden the scope of the project, provide an international perspective, and draw a wider user audience. Sixty (of the goal of 80 modules) have been assigned to outside authors. Wherever possible, invited authors have adhered to guidelines included in the author manual regarding content, level of difficulty, and style. Each module includes a definition of the disease, demographics, clinical presentation, imaging features (outlining anatomy and pathology), disease staging, and imaging manifestations of treatment effects or complications. Each completed module has been internally peer-reviewed by the editor and the medical educator through a process that evaluates content for relevance, level of difficulty, and sophistication; standardizes format; and maximizes image quality.
The built-in evaluation form has allowed the editor and designer to gather feedback regarding the content, design, and navigability of the program. Ongoing feedback from the users has been largely positive, and comments have been instrumental in making minor modifications to the program. Formal interinstitutional testing has been conducted for six of the modules using resident volunteers (evaluating for effectiveness of learning and appeal of the program) and these encouraging results (Reid JR et al., presented at the Society for Pediatric Radiology meeting, May 2003) will be submitted for publication. This information will serve to validate the curriculum and provide feedback. The ability to store and retrieve pre-and posttest results will allow program directors to compare the progress of residents in and between programs worldwide. Medical professionals outside radiology may use the curriculum to enhance their understand- ing of pediatric disease as it relates to imaging. An external review panel will be assembled to fine-tune the program and will include a medical educator, pediatric radiologist, and a physician with expertise in Web design.
Conclusion
Web-based learning with an online curriculum has the potential to become an integral component of residency training. Providing an accessible comprehensive learning experience from radiology experts may enhance radiology education worldwide. Pediatric radiologists with expertise in specific areas who wish to contribute to this endeavor may contact the corresponding author via the contact information provided. 
